Background: Urinalysis is the third major test in clinical laboratory. Manual technique imprecision urges the need for a rapid reliable automated test. We evaluated the H800-FUS100 automatic urine sediment analyzer and compared it to the manual urinalysis technique to determine if it may be a competitive substitute in laboratories of central hospitals. Methods: 1000 urine samples were examined by the two methods in parallel. Agreement, precision, carry-over, drift, sensitivity, specificity, and practicability criteria were tested. 
INTRODUCTION
Manual urine testing remains the most widely used method for assessment of urine sediment. However, urine testing protocols are not in consensus [1] . In the manual urinalysis technique, microscopic examination is used to check for the presence of formed elements. Although the centrifugation step to concentrate the sample is necessary, it remains a major source of errors, as it leads to a variable loss of erythrocytes and leukocytes.
Routine sediment analysis can have intra-assay coefficient of variation as high as 100% when centrifugation and residual sediment volume are taken into consideration. On the other hand, neglecting centrifugation lowers the analytical sensitivity of the test. Strict standardization of all procedures for collection, transport, sample preparation, and analysis are mandatory as the basis of an effective diagnostic strategy for urine analysis [2] . Different automated analyzers are currently used to perform the task of automated urine analysis [3] . These analyzers adopt two methodologies for urine sediment analysis, one based on electrical impedance, and the other depends on image-based analysis systems that sort particles according to predetermined particle dimensions [3, 4] . The automated urine analyzer H800-Fus100 comprises two subunits. The H800 unit represents the automated strip analyzer which aspirates and drops urine onto each reaction. The second unit is the microscopic examination unit FUS-100. It is based on the automatic particle recognition system, which utilizes un-centrifuged urine to capture and analyze 820 photos from each sample (digital imaging). Artificial intelligence identification technology is then used in order to auto-classify the isolated images of the urine sediment constituents [5] . The aim of this study was to perform a comparison of methods between the automatic urine sediment analyzer -FUS-100/H-800 and the manual technique for the examination of urinary formed elements and to judge its eligibility to widely replace the manual standard method.
MATERIALS AND METHODS

Subjects
A cohort of 1000 urine samples from patients attending Kasr Al Aini hospitals during the period from July 2013 to March 2014 were enrolled in the study. A volume of at least 15 mL urine in a clean cup, reaching the lab within two hours of voiding was considered acceptable. Urine samples which failed to fulfill the above criteria were excluded from the study The study was approved by the ethical committee of the faculty of medicine, Cairo University and in accordance with the code of ethics of the world medical association (Declaration of Helsinki).
Methods
All collected samples were examined within one hour of arrival, mixed properly and divided into two aliquots.
Manual method
Chemical analysis was done using Combur 10 Test UX urine strips (Roche Diagnostics, United Kingdom) for the assessment of the following: pH, specific gravity (SG), albumin, bilirubin, urobilinogen, glucose, and acetone. Manufacturer's protocol was rigorously followed.
Microscopic examination
12 mL of the sample were centrifuged at 2000 rpm for 15 minutes. The supernatant was discarded, and the sediment was re-suspended in 1 mL of residual urine volume. The sediment was examined microscopically at 10X and 40X magnification power for the presence of cells, crystals, casts, and others. Overall, the quantitative variables like RBCs, WBCs, and specific gravity (SG) were expressed numerically. Semi-quantitative values like pH, glucose, albumin, ketones, bilirubin, urobilinogen, epithelial cells, crystals, casts, sperm, and bacteria were expressed in pluses. Furthermore, inter-observer precision (20 different examiners examined the same sample microscopically at the same time) and intra-observer precision (a single examiner examined 12 samples microscopically before and after rearrangement) were conducted for the manual technique.
Automated urine analysis
Analysis was performed on the second aliquot using the FUS-100/H-800.
Chemical examination
A DIRUI H14-Ca (H-800) (Dirui Industrial Co. Ltd., China) recorded chemical results for the same parameters of the manual method. Microscopic examination relied on the automated platform and its integrated software as well as the examiner's editing upon identification of unclassified and improperly classified particles as recommended by the manufacturer. Also between-run precision (positive and negative controls), within run precision (pooled urine divided into 20 aliquots), carry over (three normal samples assayed before and after 3 high samples), and drift (difference between results of the same sample when introduced at early, middle, and end of the run) were performed for the automated technique. Other points of judgment were practicability criteria such as economic considerations (cost per test, running cost, and overhead cost) and operational considerations (turnaround time, friendliness of the software, degree of training required to operate the procedure).
Statistical methods
Data were statistically described in terms of mean  standard deviation ( SD), CV, and range, or frequencies and percentages when appropriate. Comparison of numerical variables between manual and automated techniques was done using paired t-test for matched samples. For comparing categorical data, the McNemar test was performed. Agreement was tested using kappa statistics, and values were interpreted as follows: < 0.4 = poor agreement, 0.4 -0.7 = good agreement, and > 0.7 = excellent agreement. P-values less than 0.05 were considered statistically significant. Statistical calculations were done using the computer program SPSS (Statistical Package for the Social Science; SPSS Inc., 
RESULTS
All hospital departments were effectively represented as follows: outpatient clinic represented 22.5%, uro-surgery 11.9%, rheumatology 10%, tropical medicine Cost depends on the price of materials used: special tube, specific strips, focus, sheath, detergent, diluent. The overall running cost is overall comparable between the two methods 9.8%, general medicine 8.4%, dermatology 7.2%, neurology 5.9%, ICUs collectively 6.6%, cardiology 3.7%. The remaining 15% were patients of general and special surgeries, psychiatry, and occupational health. Males represented 48% of the cohort, while 52% were females. Agreement and correlation studies' results are shown in Table 1 . Figures 1 and 2 show how H800-FUS100 stratified the studied patients as regards the diagnosis of hematuria and pyuria in comparison to the manual method. The derived performance characteristics of the H800-FUS100 are shown in Table 2 . Cutoff points were considered > 5 cells/HPF for the diagnosis of hematuria [5] and ≥ 10 for leukocytes as it is more relevant to the reflex culture cutoff [6] . A second cutoff for hematuria was searched. It was designated by the researchers to be ≥ 10/HPF for the cases tested by automation, and the specificity was recalculated. Specificity improved to 88.9%, sensitivity remained acceptable at 98.8%, with DOR at 1.3 (CI; 1.22 -1.36). Within-run precision testing for the semi-quantitative variables by FUS-100/H-800 showed exactly the same results for 20 successive times for casts, bacteria, fungi, urobilinogen, bilirubin, ketone, occult blood, glucose, WBCs, and nitrite. Results of crystals, mucus, and epithelial cells showed 95%, 80%, and 75% concordance respectively. Protein content precision was the least (50% ++, 45% +, and 5% nil). Quantitative variables of within run precision are shown in Table 3 .
In the between-run precision study, the positive control showed a mean ± SD of 1050 ± 29.5, C.V. = 2.9%. Negative control repeats had a mean ± SD of 1.04 ± 1.3 with a C.V. = 127%. Median negative control was 0.75 with (25th -75th% = 0 -2).
No carryover contaminated the three negative samples run after three positive samples. No drift was observed. For the manual technique, Tables 4 and 5 show the descriptive statistics of the semi-quantitative and quantitative variables of the inter-observer assay. In the intraobserver study, a strong positive correlation was found between the two runs of samples read by the same observer with r = 0.999 for both erythrocytes and leuco-cytes and a p = 0.000. Practicability criteria of both methods are shown (Table 6 ).
DISCUSSION
Urine analysis is the third major diagnostic screening test in the clinical laboratory, only preceded by serum/ plasma chemistry profiles and complete blood count analysis [2] . A correct urine analysis result offers a direct indication of the state of the patient's renal and genitourinary system and a monitoring of other body systems [5] . In this study, the H800-FUS100 was assessed as an alternative to the manual urine analysis testing procedure. In contrast to other published studies; this study included a large sample size, with a single observer performing both the manual microscopic examination and automated visual classification of unclassified particles. The effectiveness of the manual technique as a standard method was also explored. The H800-FUS100 agreed well with the manual method in ketone (K = 1), nitrite (K = 1), pH (k = 0.914), glucose (k = 0.78), epithelial cells (k = 0.765), calcium oxalate crystals (k = 0.728), bacteria (k = 0.74), amorphous urates (k = 0.71), albumin (k = 0.695), uric acid crystals (k = 0.65), mucous (k = 0.559), and fungi (k = 0.57) with a p-value of (0.000) for all. Granular cast was the only item that showed poor agreement between the two methods (k = 0.317) (p = 0.0000).
A good correlation was found between the two methods as regards the specific gravity (r = 0.884, p = 0.000). Also a moderate correlation was found for RBCs (r = 0.42, p = 0.000) and WBCs (r = 0.44, p = 0.000). Yuksel et al. [5] did a study on the same apparatus and found that the strip tests for SG and pH and the microscopic tests for leukocyte and epithelial cell counts showed good correlations, while protein, glucose, ketones, and erythrocytes showed moderate correlations. Due to the small number of positive specimens for urobilinogen and bilirubin, it was difficult to find concordance either in our study or in theirs. However, nitrite positive cases were prevalent enough in the current study and thus agreement could be established. The H800-FUS100 showed acceptable performance characteristics; however, there was a high false positive rate noted especially in erythrocytes, which means that the H800-FUS100 diagnoses 41.2% more cases of hematuria than the manual method does. Another cutoff was set for hematuria for the H800-FUS100 at ≥ 10HPF and as expected the specificity (88.9%) was increased with no major effect on the sensitivity (98.8%). This means that the H800-FUS100 has more tendency to classify results in the range of (> 5 -≥ 10HPF) as a round figure, a range at which manual microscopic observers may designate the sample as normal. It is not certain whether this is due to automation overestimation or to manual technique underestimation (cellular loss during centrifugation or a manual counting error). A further study relating the lab diagnosis to the clinical outcome is mandatory to resolve this debate, and perhaps new cutoffs for hematuria and pyuria will be designated for the automated count. Furthermore, regarding the manual method, at the high level counts, erythrocytes and leucocytes are expressed as > 100/HPF. Automated methods, on the other hand, can read figures up to orders of thousands. This means that automated methods in general will yield higher readings when compared to manual results especially at higher levels of RBCs or WBCs, which is not necessarily clinically significant. This is comparable to previously shown results [4] on a different instrument (IQ200 analyzer) in which more RBCs and WBCs were obtained with the automated than with the manual microscopy. The fully automated urine devices classify some cells as "unclassified" and allow the trained operator to correct the designations of the cells. The device accuracy increases when the operator examines these cells and makes the correct designations [5] .
Other performance criteria for the H800-FUS100 showed a good within-run precision for either semiquantitative or quantitative parameters except for the protein content of the sample. Casts, bacteria, fungi, urobilinogen, bilirubin, ketone, occult blood, glucose, and nitrite showed exactly the same results for 20 repeated times. Calcium oxalate crystals, epithelial cells, and mucus showed > 75% precision. Only the protein content of the sample failed to show a good precision with 50% of the times (10 times ) showing two pluses (++), 45% showing one plus (+), and one time showing a negative result. Red blood cells content showed a mean of 69.8 ± 3.95 with a C.V. of 5.7. WBCs showed a mean of 38.9 ± 1.9, C.V. = 4.9. Specific gravity, pH, microalbumin, and creatinine also showed good precision results with C.Vs of 0.000, 2.6, 9.1, and 0.00 respectively. In the between-run precision, good results were found for level II (positive) control, with a mean of 1050 + 29.5, C.V. = 2.9. For level I (negative) control the C.V. was strikingly high (C.V. = 127). However, this can be explained by the very low values of the negative control (0 -4), which are below the critical medical decision level of "5 particles/HPF". In Yuksel et al. [5] study, the between-and within-precision were lower for the specimens with fewer cells, while for the specimens containing a large number of cells, the reproducibility was much better, which is similar to our study and to the previous studies [7] . Also, Mayo et al. [3] stated that precision studies provided adequate variation coefficient values except for the samples with poor cellularity. Lamchiagdhase et al. [8] also reported that between-run CVs of RBC for negative and positive control were 61.6% and 6.4%, respectively. The results of the carryover study were consistent with all urine contents of the three negative samples remaining the same, even when run after three positive samples. This ensures the efficiency of the apparatus in ana-lyzing each sample separately and eliminates the fear of positive contamination of negative samples from proceeding positive samples. Carryover studies on other devices (UF-100, iQ200, and sediMAX) showed no significant increase in the mean values of the negative pool samples following the pathological urine samples (p > 0.05), except for WBC measured by the iQ200 analyzer [3, 9] . To study the stability of the apparatus, drift was tested and showed acceptable stability in spite of the diversity of the samples which arrived from all departments of the hospital. This can be considered an additional point of strength to the excellent carry over results. This was a weak point in Yuksel et al. [5] study because the majority of their specimens were from women and children, and they were outpatients, so their pathological specimens were few. When comparing the inter-observer results of the manual examination method, major discrepancies were found, with only mucus and fungal contents reaching 95% and 100% agreement between observers, which is probably because they were absent in all samples. For all other contents, only ≤ 60% of observers had similar readings. For example, only 60% of observers reported casts as (Nil) and less percentages of observers reported other options (few, +, ++). Only 35% of observers reported crystals as (Nil) with less percentages reporting the presence of Ca oxalate or uric acid crystals at different quantities. This huge unacceptable variability in inter-observer findings is one of the most important causes for deviation towards automation of urine analysis so as to minimize the subjective effect of the lab technologist on patient results. This effect was proposed to be because manual microscopic examination of centrifuged urine has several variables associated with sample preparation, centrifugation, and counting variations [8] .
In the intra-observer study of the manual technique, a strong positive correlation was found between the two runs of samples read by the same observer with r equal to 0.999 for both RBCs and WBCs and a p = 0.000.
CONCLUSION
The automation of urine examination may decrease observer-associated variation and offer results comparable to those of manual microscopy in a rapid, reproducible, and accurate way. This is provided the reliability of the analyzer is periodically reviewed and the apparatus is used for screening away from the borderline cutoffs.
Revision either by the manual microscopic examination or through visual revision of the apparatus images may be needed to confirm positive readings, and revision of the cutoffs themselves might be explored to enhance performance characteristics of the H800-FUS100. It is also recommended to standardize all pre-analytical procedures to reduce the huge percentage of fallacies in results.
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